What is claimed is: 



1. An apparatus for suppressing noise in a communications system, the apparaOas 
comprising: 

a filter bank connected to an input signal and including muljif)le subband 
outputs; 

a voice activity detector connected to said input signal ^d including a voice 
detection signal output; 

a power estimator connected to said voice direction signal and multiple 
subband outputs and including multiple shoiVterm power estimate outputs 
representative of noisy signal power, 3pd^mc\^^j!p.g multiple long-term power estimate 
outputs representative of noise po^ 

a noise to signal ratio (|MSR) ygtdapj^r connected to said multiple long-term 
power estimate outputs, said mul^ipIe"short-term power estimate outputs, and said 
voice detection signal output, smd adapter including multiple adapted NSR outputs; 

a gain computation/circuit connected to said multiple adapted NSR outputs, 
and including multipleygain factor outputs; 

a gain muj^plier connected to said multiple gain factor outputs and said 
multiple subbed outputs, said gain multiplier including multiple scaled signal 
outputs; anc 

combiner connected to at least said multiple scaled signal outputs, said 
conifefiner including a combined signal output. 
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2. The apparatus of claim 1 further comprising an overall NSR estimator connectejito 
said input signal and said voice detection signal output and including an overall NSR 
output, and wherein said NSR. adapter is connected to said overall NSSl output, and 
said multiple adapted NSR outputs are responsive to said overall NSR/output. 



tlf 10 



P 



3. The apparatus of claim 2 wherein said overall NSR estimator includes circuitry that 
determines a noisy signal power estimate responsiv:&-4Q /dLid voice detection signal 
output and a noise power estimate responsive^to said vorab detection signal output. 



4. The apparatus of claim 3 wherein spid circuitry del 
estimate responsive to undersampling s^d in^t signfa 



frmines said noisy signal power 



5. The apparatus of claim 3 when^n said circuitr\' determines said noise power 
estimate responsive to undersarnpling said input signal. 



6. The apparatus of clahn 3 wherein said noisy signal power estimate is determined by 
the formula: 



n = 1.2,..T-Lr^L...2r-l,... 



20 wher^ T represents an undersampling period, a^^^j and /7^^^ are predetermined 

constants, and x(n) represents said input signal at sample n. 



7. The apparatus of claim 3 wherein said noise power estimate is determined the 
formula: 



[max[^3^,P3^,(Az - 1) + a,^ \ x{n) lPss^^a.X^ = ^PJT.ZT,.,, 



, AI = l,2,...^-l,7>^l,...2^-l,... 



where T represents an undersampling period, a^^ and fi/^ are predetermined 
constants, x(n) represents said input signal at sample n,/ and P g^v.max represents a 
maximum background noise power. 



8. The apparatus of claim 3 wherg^n said overpl J^SR output represents the . difference 
between said noisy signal pov/er estimate ^q^aid noise power estimate multiplied by 
a predetermined constant. 



9. The apparatus of claim 3 wh^ein said NSR output is determined by the formula: 



Psici") < ^.^fl.v('0 



where v,,. and are predetermined constants. P (") represents said noise power 
estimate and^j/^ (n) represents said noisy signal power estimate. 



10. yhe apparatus of claim 1 wherein said power estimator includes said multiple 
sMort-'erm power estimate outputs responsive to undersampled multiple subband 
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outputs. 

11. The apparatus of claim 1 wherein said power estimator includes said mukfple 
long-term power estimate outputs responsive to undersampled multipl^subband 
outputs. 

12. The apparatus of claim 1 wherein said NSR adapter includes said multiple adapted 
NSR outputs responsive to scaled long-term power gsiirn^e outputs and scaled short- 
term power estimate outputs. 

13. The apparatus of claim 1 wh^ein said jfov^r estimator includes said multiple 
short-term power estimate outputs responsiv^to scaled^^j^roTflple subband outputs, 
thereby attempting to avoid overflow o^r ujraertlow. 



14. The apparatus of claim l/\vherein said power estimator includes multiple long- 
term power estimate outputs responsive to scaled multiple subband outputs, thereby 
attempting to avoid overflow or underflow. 



15. The appaffatus of clairh 1 wherein said voice detection signal output is responsive 
to poweD^easured between approximately 300 Hz and approximately S50 Hz of said 
inpur signal. 
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16. The apparatus of claim 1 wherein said muhiple long-term power estimate outputs--^ 
are constant during non-silence. 

17. The apparatus of claim 1 wherein said filter bank comprises a resi^ator bank of k 
resonators, and said long-term power estimate output conresacnding to the kth 
resonator is responsive to the formula: 

\/^LTPLA^-^)^cx,,\x,{n)\ , « = 0,27,37-,... 



« = l,2,...7-l,/+l,...2r-l,... 



where T represents an undersampling perier^ a£ yand /3^j are predetemiined 
constants, and .x^. (n) represents the kth^^bband o/a rmiltiple subband signal. 

18. The apparatus of claim I wheriin said lilt©r b^nkcopapri^^ a resonator bank of k 
resonators, and said short-term pow^r^^^jimiate corresponding to the kth resonator is 
responsive to the formula: 



Ar^/rO'-o + ^5r^WA-('0|A-,(/oi ^ « = o,2r,3r,... 



. = U2,...r-ur-hi,...2r-i.. 



where T represents an/undersampling period, a^j. and j3^j are predetermined 
constants, x,^{n) /represents the kth subband of a multiple subband signal, and 
NSR,. (n) repr^ents the N'SR of the kth subband at sample n. 



19. A method for suppressing noise in a communications system, the method 
CGmiprising: 
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accepting an input signal comprising a plurality of subbandSy 

detecting whether speech is present in said input signal/ncluding measuring 
power in said input signal to form a speech detection signal; 

estimating power in said plurality of subbands to fonn a plurality of long-term 
power estimates and a plurality of short-term power estimates; 

forming at least one adapted NSR in at least one of said plurality of subbands 
responsive to said voice detection signal, said plurality of long-term power estimates 
and said plurality of short-term power estimates; 

forming a gain factor signal in at Iggst-iMi^of said plurality of subbands 
responsive to said at least one adaptepHNSR< 

scaling at least one of sai^ plurality of su(b)/ands responsive to said at least one 
gain factor signal to form at least one/caled smroand; and 



forming an output signVj respcmsive to said at least one scaled subband. 



20. The method of claim ly further comprising forming an overall NSR and wherein 
said adapted NSR forming step comprises forming said adapted NSR signal 
responsive to said overall NSR. 



21. The memod of claim 19 further comprising forming a long-term first formant 
power estimate and a shon-ierm first formam power estimate and wherein said 
detecting step comprises detecting whether speech is present in said input signal 
^sponsive to said long-term and short-term estimates. 
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22. The method of claim 21 wherein said step of forming at least one of the lonj 

power estimates comprises: 

providing a full-rate filtered input signal; 
undersampling at least a portion of the full-rate filtered inpuj^ignal to form an 

undersampled signal; 

scaling the undersampled signal to avoid overflow o/ underflow; and 
responsively determining a scaled power measure of at least a portion of the 

fiill-rate filtered input signal. 



23. The method of claim 21 wher/in said s^p c/f^forming at least one of the short-term 

power estimates comprises: 

providing a full-rate filter©64ftiJlit signal; 
undersampling at least^a ponion of the full-rate filtered input signal to form an 

undersampled signal; 

scaling the undersampled signal to avoid overflow or underflow; and 
responsivdy determining a scaled power measure of at least a portion of the 

full-rate filtered input signal. 



24. /he method of claim 19 wherein said step of forming an adapted NSR comprises 
Sorming adapted NSRs for substantially all of a plurality of predetermined subbands 



# 
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within a predetermined frequency range. 

25. The method of claim 19 wherein said step of forming a gaii/ factor signal 
comprises forming gain factor signals for substantially all jbi a plurality of 
predetermined subbands within a predetermined frequency ranj 

26. The method of claim 19 wherein said estimating stey^comprises: 
providing a full-rate filtered input sis 

undersampling at least a portion the ^l|-rate filtered input signal to form an 
undersampled signal; 

scaling the undersampled sigpal jo aySia^iiiefrlow or underflow; and 
responsively determining a s/^aied power measure of at least a portion of the 
full-rate filtered input signal, 

to form at least one of the lon^-term power estimates. 



27. The method of claim 19 wherein said estimating step comprises: 
providing a/full-rate filtered input signal; 

undersarnpling at least a portion of the full-rate filtered input signal to form an 
undersampleo signal; 

scsuing the undersampled signal to avoid overflow or underflow; and 
'responsively determining a scaled power measure of at least a portion of the 
fulKrate filtered input signal, 



m 
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lo form at least one of the short-term power estimates. 

28. A method for measuring power comprising: 
providing a full-rate filtered input signal; 

undersampling at least a portion of the full-rate ^Itered input signal to form an 

undersampled signal; 

scaling the undersampled signal to avoid/Sverflow or underflow; and 
responsively determining a scaled po^e/ treasure of at least a portion of the 

full-rate filtered input signal. 



29. The method of claim 28 wherV^ipi^ the^ep of determining a scaled power measure 
comprises determining a scale^ power measure according to at least one of the 
formulas: 



, n = i.2,...r-Lr + u...2r-L... 



and 



fmaxr^^^v Pay - 1) + ^..v ; -v(/0 I, P,.v...c ] . = 0,27,37,. 



n = i,2,..-r-i,r + u-2r-u.. 



where T pepresenis an undersampling period, C£sic^ Psic^^ '^^^ Pss 
predetermined constants, and x(n) represents said input signal at sample n. 



noise power measuring circuitry connected to an input signal and incLtfding a 
noise power measurement output; 

signal power measuring circuitry connected to the input sigij^ and including a 
noisy signal power measurement output; 

a voice activity detector connected to the input si^al and including a voice 
detection signal output; and 

a NSR adapter connected to the noise poxCer measurement output, the noisy 
signal power measurement output, and tlie^^ice detection signal output, said NSR 



adapter including an adapted NSj^f output 
detection signal output, the Aifferei 
noisy signal power measuremeatf the sign 



esponsive to one or more of said voice 
et^veen a noise power measurement and a 
f the difference between a noise power 



measurement and a noisy sigrfal power measurement, an instantaneous noise to signal 
power ratio, and the diffofence between the instantaneous noise to signal power ratio 
and a previous noise LO signal power ratio. 



31. The apparauis of claim 30 wherein said NSR adapter includes said adapted NSR 
output responsive to said voice detection signal output and the difference between a 
noise poyv*er measurement and a noisy signal power measurement. 



32/The apparatus of claim 30 wherein said NSR adapter includes said adapted NSR 
output responsive to said voice detection signal output. 



